Introduction
Sepsis is a significant health concern globally with an associated mortality of 14.7% to 29.9% [1] . Over the years, although the number of sepsis cases and total mortality has increased, the associated case fatality rate has decreased [1] . Other than the respiratory support with mechanical ventilation, hemodynamic support with fluid resuscitation and vasopressors, and source control of the infection with antibiotics and surgical evacuation of infection, there is no additional approved treatment for either sepsis or septic shock [2] . Steroids have been evaluated as a treatment option for several years. The suggested theory behind the use of steroids is that they suppress inflammatory mediators and treat sepsis-induced relative adrenal insufficiency, which has been studied in various trials and is yet to be proved [3] [4] .
A study from 1976 by Schumer et al. showed a significant reduction in mortality in septic shock with high dose steroids given for a short duration [5] . However, several subsequent studies were unable to replicate these findings but, in turn, showed increased associated mortality due to a higher incidence of superinfection, defined as a new clinical infection that occurred during therapy or within ten days of discontinuation of antimicrobial agents [6] [7] [8] . The use of steroids was discouraged until 2002 when the French study by Annane et al. showed significant mortality benefit with the use of steroids, which brought steroids back in favor [9] . Several subsequent studies, including systematic reviews, meta-analysis, and randomized control trials (RCTs), have not shown consistent evidence for or against steroids in sepsis and septic shock [10] [11] [12] . Current surviving sepsis guidelines recommend the use of steroids when fluid resuscitation and vasopressors are not effective in correcting hemodynamic instability, but this remains a weak recommendation [2] . The two recent RCTs evaluating the use of hydrocortisone in septic shock patients suggested conflicting results leaving clinicians with no explicit guidance [13] [14] . There have been no meta-analysis to date which only utilized RCTs for systematic review and meta-analysis. The earlier systematic reviews have used studies, which had a variable patient population with systemic inflammatory response syndrome, sepsis, or septic shock. Those meta-analysis included RCTs, non-randomized trials, observational retrospective, and prospective studies and studies from the 1980s and 1990s where they also used dexamethasone, prednisone, and methylprednisone instead of only potent mineral corticoids, which are hydrocortisone and fludrocortisone. They also included studies in which steroids were used for reasons other than septic shock (e.g., meningitis). Our meta-analysis only incorporates RCTs, which included patients only with septic shock and utilized hydrocortisone alone or with fludrocortisone. Recently published RCTs in The New England Journal of Medicine (NEJM) on March 1, 2018, have not been part of any of the prior systematic reviews and meta-analyses, and the editorial published in the same edition of NEJM recommended to decide about patient management on the basis of subsequent meta-analyses utilizing these two RCTs [15] .
Materials And Methods
We conducted this meta-analysis is to identify the effect of potent mineralocorticoids (hydrocortisone and fludrocortisone) in refractory septic shock patients with possible underlying relative adrenal and mineral corticoid insufficiency and their impact on short-term (defined as 28-day) mortality. The other steroids lack significant mineral corticoid activity as compared to hydrocortisone and fludrocortisone. For the primary outcome, we also performed the sub-group analysis by time to administration of hydrocortisone from time to randomization (early, i.e., within eight hours of randomization vs. late, i.e., within 24-72 hours of randomization). Our secondary outcomes assessed the long-term survival with the intensive care unit (ICU) and the hospital mortality and length of stay (LOS) with reversal of shock. We also evaluated the difference in commonly encountered complications of septic shock, including the incidence of superinfections and limb and cerebral ischemic events.
We completed a systematic review according to the PRISMA (Preferred Reporting Items for Systematic Review and Meta-Analyses) guidelines [16] . We searched the MEDLINE and PubMed databases from inception until March 01, 2018, only for RCTs, comparing the use of hydrocortisone to the placebo in septic shock patients.
Our search strategy included (glucocorticoid OR hydrocortisone OR steroid) AND (sepsis OR septic OR septic shock). We used the Boolean operator 'OR' to combine the search terms.
Inclusion criteria
1) Prospective RCTs, 2) Comparing hydrocortisone with or without fludrocortisone to placebos in patients with documented septic shock, 3) Patients age ≥ 18 years, 4) At least 100 patients were randomized in the study, and 5) At least one endpoint was 28-day mortality.
Exclusion criteria
We excluded non-randomized and retrospective studies, studies which used steroids other than hydrocortisone, and total number of patients was <100; studies that included patients with sepsis and severe sepsis, were in the non-English language, lacked 28-day mortality data, and in which both arms received hydrocortisone.
Primary endpoints
The primary endpoint was mortality at 28 days.
Secondary endpoints
We analyzed the following secondary endpoints: 1) Mortality in ICU; 2) Mortality in the hospital; 3) Mortality at 90 days; 4) Mortality at one year; 5) Reversal of Shock; 6) ICU LOS; 7) Hospital LOS; 8) Incidence of limb and/or cerebral ischemia; and 9) Incidence of superinfection.
Data extraction and quality assessment
Four reviewers, W.J.S., A.R., U.A.S., and M.O.H. extracted the data in the predefined data fields in the Excel sheet for baseline characteristics and study outcomes. They added outcomes that were mentioned in the outcomes tables and described in the text. W.J.S. cross-checked all the entered data and made corrections where necessary. All four reviewers agreed with the corrections and the final entry. Table 1 shows the features and differences of individual RCTs, and Table 2 summarizes the baseline characteristics of individual trials [9, [11] [12] [13] [14] 17] . We used Cochrane collaboration's tool risk assessment of bias in randomized trials for the quality assessment of RCTs [18] (Figures 1-2 
Data synthesis and analysis

Statistical Method
We used a random effects model for our statistical analysis in RevMan Version 5.3 Copenhagen. We used the Mantel-Haenszel method for the statistical analysis of dichotomous data to calculate the risks ratio and inverse variance for the continuous data to estimate the mean difference. We reported our results using the effect estimate with 95% confidence interval. A two-sided p-value of ≤ 0.05 was considered statistically significant.
Heterogeneity
We used I2 and Chi2 statistics to estimate the heterogeneity with RevMan Version 5.3 Copenhagen. Variability between studies (inter-study) compared to variability within studies (intra-study) was assessed with the I2 statistic; I2 >50% indicates substantial heterogeneity as mentioned in the Cochrane Handbook for Systematic Reviews for Interventions, Version 5.1.0, Part 2: General Methods for Cochrane Reviews [19] . We performed a sensitivity analysis for substantial heterogeneity.
Study Selection
We identified 244 citations for RCTs. Two reviewers W.J.S. and P.I. reviewed the abstracts of each study and selected 25 articles and reviewed their full papers. They excluded 20 papers and selected five articles for qualitative and quantitative analysis comparing hydrocortisone to the placebo in patients with septic shock. Figure 1 shows the PRISMA study flow diagram and Table  4 summarizes the excluded studies failing to meet the inclusion criteria. 
Name Random Sequence Allocation
Results
Primary endpoints
See Table 1 .
Mortality at 28 Days
There was a total of 1,688 deaths with a significantly reduced number of deaths in the hydrocortisone and fludrocortisone arm as compared to the placebo arm. There were 808 deaths in the hydrocortisone arm vs. 880 in the placebo arm, risk ratio (RR) = 0. 
Secondary endpoints
Mortality in the ICU
There was a total of 856 deaths in the ICU with no difference in the number of deaths between the two groups, the hydrocortisone arm (409) vs. the placebo arm (447), RR = 0.93, CI = 0.81-1.08, p = 0.35, I2 = 52% (Figure 3) . There was substantial heterogeneity between the two groups.
On running the sensitivity analysis without the results of the Corticosteroid Therapy of Septic Shock (CORTICUS) trial, the results became statistically significant favoring hydrocortisone and fludrocortisone with I2 reducing to 0%. Hydrocortisone arm = 307 vs. placebo arm = 358 RR = 0.87, CI = 0.78-0.97, p = 0.01, I2 = 0%.
FIGURE 3: Risk of Bias Graph
Mortality in the Hospital
There were a total of 974 deaths during the hospital stay with no difference in either arm, 468 in the hydrocortisone arm vs. 506 in the placebo arm, RR = 0.95, CI = 0.84 -1.08, p = 0.41, I2 = 39% ( Figure 4 ).
FIGURE 4: Showing Risk of Bias Summary
Mortality at 90 Days
Two trials reported 90-day mortality. There was a non-significant trend towards decreased mortality at 90 days in the hydrocortisone and fludrocortisone group, 775 vs. 834 in the placebo arm, RR = 0.93, CI = 0.84-1.02, p = 0.13, I2 = 37% ( Figure 5 ).
FIGURE 5: Forest Plot Showing Mortality in the Intensive Care Unit
Mortality at One Year
Two studies reported one-year mortality. There was no difference in mortality between the two groups at one year, 239 deaths in each arm, RR = 0.97, CI = 0.84-1.12, p = 0.67, I2 = 46% ( Figure  6 ).
FIGURE 6: Forest Plot Showing Mortality in the Hospital
Reversal of Shock
Two studies reported the shock reversal outcome. A total of 238 patients in the hydrocortisone group had shock reversal as compared to 226 in the placebo arm. There was no statistical difference between the two groups, OR = 1.17, CI = 0.74-1.86, p = 0.50, I2 = 24% (Figure 7 ).
FIGURE 7: Forest Plot Showing Mortality at 90 Days
ICU LOS
Only two studies reported the ICU LOS. There was no difference in the LOS in the ICU between the two groups, point estimate = 0.89 days, CI = -2.56 to 4.33, p = 0.61, I² = 0% (Figure 8 ).
FIGURE 8: Forest Plot Showing Mortality at One Year
Hospital LOS
Two studies reported the LOS in the hospital. No statistical difference was observed in the two arms, point estimate = 1.58 days, CI = -4.23 to 7.38, p = 0.59, I² = 0% (Figure 9 ).
FIGURE 9: Forest Plot Showing Reversal of Shock
Incidence of Limb and/or Cerebral Ischemia
Two studies reported the incidence of either limb and/or cerebral ischemia. There was no difference in the two groups, four in the hydrocortisone arm as compared to three in the placebo arm, RR = 1.32, CI = 0.30-5.9, p = 0.72, I² = 0% (Figure 10 ).
FIGURE 10: Forest Plot Showing the Length of Stay in the Intensive Care Unit
Incidence of Superinfection
Three studies reported the incidence of superinfection in the two treatment arms.
Hydrocortisone was associated with a significantly higher number of superinfections as compared to placebo, 436 vs. 385, RR = 1.15, CI = 1.04-1.27, p = 0.008, I² = 0% (Figures 11-13 ). 
Discussion
The use of steroids in septic shock patients remains controversial due to the inconsistent results of previous trials and meta-analyses. Some authors believe that the significant variation in results could be due to dosing, duration of administration, and timing of initiation of steroids [20] [21] . In pre-1997 trials, steroids were used in higher doses for a shorter duration. Subsequent studies were done after 1997 used steroids in physiological doses but for a longer duration, i.e., seven days. In the landmark study by Annane et al., steroids were started within three to eight hours after the diagnosis of septic shock, which led to a significant reduction in mortality [9] . However, in the CORTICUS trial, steroids were started within 12 hours of diagnosis, and no mortality benefit was observed [17] . Nonetheless, both of these trials showed an early reversal of shock in the steroid group. Due to the controversies surrounding the timing of steroid use noted in previous studies, Qing-Quan Lv et al. initiated steroids at the same time when vasopressors were started and found that reversal of shock was similar in both groups and there was no mortality difference either [11] . In the two recent landmark trials, ADRENAL (Adjunctive Corticosteroid Treatment in Critically Ill Patients with Septic Shock) and APROCCHSS (Activated Protein C and Corticosteroids for Human Septic Shock), steroids were started four and six hours after the initiation of vasopressors. Both trials also showed a reduction in pressor requirement with the use of steroids. Another point of debate has been regarding continuous infusion versus intermittent bolus dosing. The HYPRESS (Hydrocortisone for Prevention of Septic Shock) trial, which randomized patients with severe sepsis before developing septic shock, studied the continuous infusion of hydrocortisone with a taper over six days. It also failed to uncover any significant mortality benefit nor did it prevent the development of septic shock [12] . However, the surviving sepsis campaign guidelines recommend only intermittent bolus doses of hydrocortisone and not continuous infusion [2] .
Amidst all this confusion, recently, two large multicenter RCTs were published to confirm or refute the findings of previous studies. In the ADRENAL trial, nearly 3,800 patients were randomized and assigned to receive a continuous infusion of either hydrocortisone or placebo. This study was adequately powered to determine a mortality difference [13] . In the APROCCHSS trial, a total of 1,241 patients were randomized to receive either a hydrocortisone -fludrocortisone combination or placebo [14] . The primary outcome in both trials was mortality at 90 days. The ADRENAL trial showed no significant mortality benefit at 90 days; on the other hand, in the APROCCHSS trial, a mortality benefit was noted in the hydrocortisone and fludrocortisone group. Both trials did show an early reversal of shock and rapid cessation of mechanical ventilation, which was similar to the results of earlier studies [9, 17] .
A review of these trials provides some additional insights into the subsets of patients who might benefit from the addition of corticosteroid therapy on top of conventional treatment for sepsis. The RCT with lower overall mortality (HYPRESS) had no mortality benefit, likely due to less sick patients (severe sepsis vs. septic shock) [12] , and the trials with the highest mortality (French, APROCHSS) likely with the sickest patients, showed a mortality benefit [9, 14] . This suggests that the addition of steroids may be helpful in patients who are "sicker," and, in this case, unresponsive to conventional therapy of fluids, vasopressors, and antibiotics. Additionally, in the ADRENAL trial, there was a mortality benefit in the sub-group that received steroids after the first six hours, before which the patient, otherwise responsive to conventional goal-directed therapy, would be "selected out," leaving patients who may have an additional benefit from corticosteroid therapy. Similarly, our sub-group analysis of the primary outcome on the basis of time to administration of hydrocortisone from randomization suggested a strong trend towards reduced mortality in the late administration group as compared to the early administration group (within eight hours vs. within 24 to 72 hours). Since the trials in the late administration group may also have patients who received hydrocortisone within eight hours of randomization could have led to a non-significant trend towards decreased mortality. These observations would remain speculative in the absence of a randomized trial looking at these specific outcomes and warrant a randomized clinical trial looking at hydrocortisone use in patients who are unresponsive to early goal-directed therapy. Such a trial would indeed be challenging to design and implement, given logistic and ethical issues.
Our study noted a statistically significant mortality benefit of the primary outcome of mortality at 28 days in the hydrocortisone group as compared to placebo. Also, there was a nonsignificant reduction in ICU mortality in the hydrocortisone arm, which became statistically significant after sensitivity analysis. This finding also suggests that the use of hydrocortisone incurs a mortality benefit in the ICU setting in addition to 28 days. However, the rates of superinfection were noted to be higher in the hydrocortisone group as compared to the placebo, which is consistent with the results of individual trials and older studies. The strength of our analysis primarily lies in study selection. We included only RCTs, which included patients with a septic shock, which compared hydrocortisone to placebo, and studies with at least a hundred patients in the trial. This is in contrast to earlier meta-analyses, which also included non-RCTs, cohort and retrospective studies, and studies with small population sizes with different steroids, including methyl-prednisolone, dexamethasone, betamethasone, hydrocortisone, and prednisone [10, 20] .
The limitations in performing this meta-analysis are: we included trials ranging from 2002 up until now. The management of sepsis and septic shock has evolved since early 2000, and so have the surviving sepsis guidelines [2, [22] [23] [24] [25] , which is evident by the reduction in mortality from 57.8% in the French study [9] to 23.3% to 35.8% in subsequent studies [11, [13] [14] 17] . Two out of five trials included fludrocortisone in addition to hydrocortisone. The recommendations from the American College of Critical Care Medicine and the surviving sepsis campaign in 2008 have reported that hydrocortisone has enough mineralocorticoid effects, making the administration of fludrocortisone irrelevant. Thus, we believe that the addition of fludrocortisone could not have provided a significant benefit to influence the results of our study [22, 25] . The last limitation was the way steroids were administered in individual RCTs, bolus vs. continuous infusion.
Conclusions
Our analysis showed a significant reduction in mortality at 28 days and a non-significant trend in ICU mortality and mortality at 90 days in the hydrocortisone group. The rates of superinfection were noted to be significantly higher in the hydrocortisone group. We believe there is still controversy over hydrocortisone, and we don't know which patients, if any, should receive the drug. In the future, large RCTs are required before any new recommendations can be made comparing hydrocortisone to placebo, hydrocortisone plus fludrocortisone to placebo, and hydrocortisone to hydrocortisone plus fludrocortisone. Another potential trial can be designed comparing the time from the development of septic shock to the administration of hydrocortisone.
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